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Why do we need a MLVA scheme for 
XVM ?
• Xanthomonas vasicola pv. musacearum (Xvm) is a genetically
monomorphic bacterial pathogen
• Several questions remain about the ecology, evolution, 
population genetic diversity of this major Musaceae pathogen
• The only genotyping tools available to date are Wasukira’s
SNP-derived RFLP markers. 
• There is a strong need for highly polymorphic markers.
• We describe here the development of a set of 19 VNTR 
markers, fully adapted to address molecular epidemiology
questions.
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MLVA-19 is well suited for molecular epidemiology, and for 
addressing ecological questions on Xvm at different scales, 
from the country to the field. 
See the presentation of V. NAKATO, Session V, Saturday July 21.
The approach
1. In silico screening
POLLOC-V (Rodriguez-R. & Koebnik, 2011)
http://bioinfo-web.mpl.ird.fr/xantho/utils/
Alignment parameters: Match:2,mismatch:7, indels: 7 
(highest stringence)
50-400
Unit length (t) 5-9
Copy number (n) ≥ 6 
Similarity % ≥ 80 
Region length (t x n) 
Build groups  Groups the VNTR based on 
the flanking regions.
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9 genomes
32 groups of loci
Each locus has a unique location per genome
Polymorphism, typeability
PCR screening 
(Core collection 17 strains Xvm)
Multiplex 
optimisation on 
agarose
Capillary
Electrophoresis
ABI 3500 XL
GeneMapper
19 loci
selected
5 mixes
Allelic profiles
Xvm (n=335)
Xvv (n=5)
Xvh (n=5)
Xoo, Xcc, Xc
2. MLVA scheme
development
1. MLVA-19, the first MLVA scheme for 
Xanthomonas vasicola
INTRAGENIC
• All but 3 loci are intergene
(intragene: Hyp. Protein)
• Mostly microsatellites (6-9 
bp), a majority of 7 bp
repetitions
• Number of alleles per locus 
on the 335 strain collection:
• Min = 6 (XCM018)
• Max = 25 (XCM027)
c
2. A highly typeable and 
specific scheme
WAS-
Haplotype
WAS 1
81/AluI
WAS 2
112/FokI
WAS 3
124/AluI
WAS 4 / 
EW4
304/NdeI
Sub
lineage
Hap 1 nc nc c nc SL1
Hap 2 c c c c SL2
Hap 3 c c c nc Hybrid
Hap 4 c nc c nc Hybrid
 Map of the two Wasukira’s sublineages, 
SL I and SL II (Wasukira et al 2012)
 The Wasukira’s SNP-derived markers
(Wasukira et al 2012)
c: cut; nc: not cut
 Typeability on Xvm: 18 loci amplify
more than 97% strains
 Specificity
 XCM012 is Xvm-specific
 Most loci amplify Xvm and Xvv
 Xvm-specific loci
Loci specificity further confirmed that 
Xcm is a X. vasicola clade Proportion of amplified isolates within each pathovar/species
3. Is MLVA-19 resolutive enough ?
 Some loci are highly correlated
 XCM006/XCM036
 XCM016/XCM022
 Contributions of XCM028 and 
XCM002 to the 2-axes are low
 13 directions 
 are 13 loci sufficient to 
determine the genetic diversity 
and structure of Xvm ?
PCA, axes 1-2 (R::FactoMineR)
Genotype Accumulation Curve, 10 000 randomizations (R::poppr)
 95% of the MLG detected with 16 loci
 19 loci are sufficient to detect most of the 
genotypic diversity
 Decrease the number of loci would
mitigate the resolutive power
4. MLVA-19 is more discriminatory than
existing SNP-derived markers
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N: total number of isolates 
S : total number of types
Xi: number of isolates belonging to the ith type
Hunter-Gaston Discriminatory Index (HGDI)
Typing 
technique
Total collection (n=63) Core collection (n=32)
No. of 
haplotypes
HGDI
No. of 
haplotypes
HGDI
MLVA 63 0.981 32 1.000
WAS-SNPs 4 0.555 4 0.754
VN-SNPs - - 5 0.740
WAS-SNPs:  4 SNP-derived RFLP loci
(Wasukira et al 2012)
VN-SNPs: 4 additional SNP-derived RFLP 
loci (V. NAKATO, 2017 unpublished)
5. MLVA-19 is consistent with whole-genome
phylegeny, and reveals unexpected diversity
Sub-Lineage I Sub-Lineage II 
Minimum Spanning Tree on MLVA-19 profiles
(Phyloviz::GoeBurst distance + Euclidean distance with weights)
WAS-haplotype 2 (SL II)
WAS-haplotype 1 (SL I)
WAS-haplotype 3
WAS-haplotype 4
DAPC clusters (MLVA profiles)
WAS-
SNP
Sub
Lineage
SL I
SL II
SL II & ?
?
 MLVA-19 and WAS-SNP markers are significantly congruent (strain subset, n=32)
Mantel correlation coefficients =0.412*** (Euclidian distance) and 0.492*** (Manhattan distance) (R::ape::CADM.post)
 A cluster analysis on MLVA-19 profiles (DAPC in R::adegenet) identified 12 clusters
 Each cluster corresponds to a single lineage : DAPC.4, 5,11 = SL I; DAPC.1,2,3,8= SL II
 T35C (Tanzania), Hap2, was assigned to both DAPC.11 and DAPC.8. 
 BCC267 (Ethiopia), Hap 1, was poorly assigned to DAPC.10
 DAPC clusters 6, 7, 9, 10, 12 were not assigned to an existing sublineage and are putative new 
sublineages
X. oryzae X.campestris X. citri
musacearum vasculorum holcicola pv. oryzae pv. cannabis
XCM002 100 40 60 0 0 0
XCM005 100 40 0 0 0 0
XCM006 97.6 20 60 50 0 0
XCM012 97.9 0 0 0 0 0
XCM014 99.1 60 20 0 0 0
XCM015 90.4 100 0 0 0 0
XCM016 99.1 80 40 0 0 0
XCM018 99.4 0 20 0 0 0
XCM020 99.4 60 40 0 0 0
XCM021 99.1 40 20 0 0 0
XCM022 99.7 100 60 0 0 0
XCM024 100 100 0 0 0 0
XCM027 99.1 60 20 0 0 0
XCM028 100 60 40 0 0 0
XCM029 99.4 100 60 0 0 0
XCM030 99.7 80 40 0 0 0
XCM035 99.1 80 0 0 0 0
XCM036 97.3 40 40 50 0 0
XCM038 99.4 60 0 0 0 0
Total 335 5 5 2 1 1
Locus
X.vasicola pv.
